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Abstract—The near-far problem causes severe throughput un-
fairness in wireless powered communication networks (WPCN).
In this paper, we exploit non-orthogonal multiple access (NOMA)
technology and propose a fairness-aware NOMA-based schedul-
ing scheme to mitigate the near-far effect and to enhance the
max-min fairness. Specifically, we sort all users according to
their channel conditions and divide them into two groups,
the interference group with high channel gains and the non-
interference group with low channel gains. The power station (PS)
concurrently transmits energy signals with the data transmissions
of the users in the interference group. Thus, the users in the non-
interference group can harvest more energy and achieve a higher
throughput, while the users in the interference group degrade
their performance due to the interfering signals from the PS.
We then apply order statistic theory to analyze the achievable
rates of ordered users, based on which all users are appropriately
grouped for NOMA transmission to achieve the max-min fairness
of the system. Meanwhile, the optimal number of interfered users
that determines the set of users in each group, is derived. Our
simulation results validate the significant improvement of both
network fairness and throughput via the fairness-aware NOMA-
based scheduling scheme.
Index Terms—wireless powered communication networks,
NOMA, max-min fairness, order statistics theory.
I. INTRODUCTION
Radio frequency (RF) enabled wireless energy transfer
(WET) technology provides a promising solution to power
wireless devices with continuous and stable energy over the
air [1], [2]. In a wireless powered communication network
(WPCN) [3], the power station (PS) transfers energy to
wireless users and the access point (AP) collects the data of
wireless users, which are referred to as wireless energy transfer
(WET) and wireless information transfer (WIT) respectively.
Resource allocation for WPCN has been investigated in sev-
eral works, with focus on improving the network throughput or
energy-efficiency. In [4], the time block was divided into two
stages for WET and WIT respectively, and the time allocation
was studied such that the network throughput was maximized.
The time allocation and power control were investigated in [5]
to maximize the energy-efficiency of a WPCN, where the time
for WIT was shared by multiple users in time division multiple
access (TDMA) manner. Some recent works have shown that
non-orthogonal multiple access (NOMA) technology [5]-[8]
is an effective method to improve the spectral efficiency. A
NOMA-based scheduling scheme for a WPCN was proposed
in [6], and the uplink NOMA technology was utilized for WIT,
where users simultaneously transmitted their information to
the AP. The transmit power and time were jointly optimized
in [7] to maximize the expected sum-rate with given average
power constraints in a NOMA-based WPCN. The spectral and
energy efficiency of TDMA-based and NOMA-based WPCN
were compared in [8]. While, most existing works considered
non-orthogonal transmission for information delivery, and only
a few works studied how to explore the non-orthogonal
transmission for both WET and WIT. The energy-efficiency
of NOMA-based WPCN with concurrent WET and WIT was
studied in [9]. However, the interference caused by simultane-
ous operation of WET and WIT was ignored. In addition, the
most existing works on NOMA-based WPCN mainly focused
on the network throughput maximization without considering
the fairness among users.
Due to the path loss attenuation of RF signals, the user far
from the PS harvests a smaller amount of energy, and the user
far from the AP needs more energy. This is referred to as
near-far phenomenon, which leads to a severe fairness issue
in a WPCN. Adaptive time and power allocation schemes were
studied in [10][11] to enhance the minimum rate of all users,
namely to achieve the max-min fairness. Adaptive power and
time allocation under three fairness criteria including the max-
min, the proportional and harmonic fairness, were compared
in [12]. A proportional fairness maximization problem was
formulated in [13] to optimize the transmission time. In these
works, the time was dedicated for either WET or WIT, and the
positions of all users were assumed a priori. To the best of our
knowledge, how to exploit NOMA for both WET and WIT to
improve the network fairness under random user deployment
is not explored yet, which is the motivation of this paper.
In this paper, we propose a fairness-aware NOMA-based
scheduling scheme for a WPCN with random user deployment.
To achieve the max-min fairness, we first sort all users
based on their channel conditions, including the channels for
WET and WIT. Then, we divide users into two group, the
interference group with good channel conditions and the non-
interference group with poor channel conditions. By exploiting
NOMA transmission, the PS concurrently transmits energy
signals with the data transmissions of the users in the interfer-
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Fig. 1. System model and time structure
ence group. Therefore, the achievable rates of the users in the
interference group decrease due to the interference from the
PS, and those of the other users increase due to more harvested
energy. By applying order statistics theory, we analyze the
achievable rates of users and the achieved max-min fairness
of the system. We show that the minimum rate of the interfered
users decreases with respect to the number of interfered users,
and that of the non-interfered users monotonically increase.
Thus, the optimal number of interfered users is derived to
maximize the minimum rate of all users, or equivalently, to
achieve the max-min fairness. In addition, as users harvest
more energy due to the concurrent WET and WIT, the network
throughput is improved as well, which is validated by the
simulation results.
The remainder of this paper is organized as follows.
The system model and NOMA-based scheduling scheme for
a WPCN are described in Section II. The fairness-aware
NOMA-based scheduling scheme is proposed and analyzed
in Section III. Simulation results are provided in Section IV,
followed by concluding remarks in Section V.
II. SYSTEM MODEL AND PROBLEM FORMULATION
A. System Model
We consider a wireless powered communication network
(WPCN), which consists of N energy-constrained users N =
{1, 2, · · · , N}, one power station (PS), and one information
access point (AP) as shown in Fig. 1(a). The PS charges all
users via transmitting energy signals, and the users utilize the
harvested energy to send information to the AP. All devices
work in half-duplex mode. The users are randomly deployed
between the PS and the AP. Denote re and rd as the wireless
energy transfer (WET) radius and the distance between the PS
and AP, respectively. We define Rn as the distances from the
user n to the PS. Therefore, and the distance from the n-th
user to the AP is rd −Rn, and Rn ∼ U [0, re].
Block fading channel is considered such that the channel
does not vary during the unit time block but may independently
change from one block to another. Let
L0d
α
0
Rαn
and gn(t) denote
the large and small scale fading coefficients of the link between
the PS and the user n in the t-th time block, where L0
represents the path loss at reference distance d0 and α is the
path loss exponent. Similarly, we define
L0d
α
0
(rd−Rn)α
and hn(t)
as the large and small scale fading coefficients of the link
between the user n and the AP in the t-th time block. The
transmission power at the PS is Ps. σ
2 represents the noise
variance at all users and the AP.
B. NOMA-based Scheduling scheme for Wireless Powered
Communication Network
A NOMA-based scheduling scheme for WPCN is exploited.
As is shown in Fig. 1(b), each time block is slotted, and WET
and WIT can be scheduled in the same or different time slots.
The fixed time allocation is considered. τ0 is dedicated for
WET, and the remaining time slots are used for WIT, where the
WET is concurrently operated during the data transmissions
of some users. Let τn =
1−τ0
N
denote the allocated time of the
user n. All users are divided into two groups, the interference
group N0 with |N0| = l users, and the non-interference group
N1 with |N1| = N − l users. The user grouping policy that
determines the users of each group is a very critical issue for
network fairness. Beside the dedicated WET time, when the
user i in the interference groupN0 transmits information to the
AP, the PS simultaneously transfers energy to the other users,
thus the total time for WET is τ0 +
∑
i∈N0
τi, which is larger
than τ0 and implies more energy harvested at each user. If l =
0, our proposed NOMA-based scheduling scheme is degraded
to the conventional TDMA-based scheduling scheme. Notice
that, when the dedicated WET time is cancelled, i.e., τ0 = 0,
the NOMA-based scheme may still be effective as users can
be charged during the time τi, ∀i ∈ N0.
During the dedicated WET time slot, only the PS transmits
the energy signal to charge the users, thus the harvested energy
at the user n is given by
e0n(t) =
τ0ηPsL0d
α
0 |gn(t)|2
Rαn
, ∀n ∈ N , (1)
where η denotes the energy conversion efficiency.
During the time slot that the user i ∈ N0 sends information
to the AP, the PS still charges the other users except the
transmitting user, the received signal at an user n (n 6= i)
is given as
yin(t)=
√
PsL0dα0
Rαn
gn(t)s(t)+
√
Pi(t)hin(t)si(t)+zn(t), (2)
where s(t) and si(t) represent the signal transmitted by the PS
and the user i in t-th time block, hin(t) denotes the channel
fading between the user n and i, and zn(t) is the noise. In a
WPCN, the transmission power of user i is much smaller than
that of the PS, and the second term is much smaller than the
first term. Then the second term in (2) can be ignored, and
the harvested energy at the user n can be written by
ein(t) =
τiηPsL0d
α
0 |gn(t)|2
Rαn
, ∀n ∈ N and n 6= i. (3)
Thus, the total amount of harvested energy by the n-th user
in the whole time block is given as
en(t) =
∑
i∈{0}
⋃
N0,i6=n
τiηPsL0d
α
0 |gn(t)|2
Rαn
. (4)
In order to guarantee the energy sustainability at the users,
the amount of consumed energy in one time block should
not exceed that of harvested energy in the current time block.
Given the transmission time τn, the transmission power of the
user n is written as
Pn(t) =
en(t)
τn
=
∑
i∈{0}
⋃
N0,i6=n
τiηPsL0d
α
0 |gn(t)|2
τnRαn
. (5)
Then, when the user n sends its information to the destination,
the received signal at the AP is
yn(t) =

√
Pn(t)L0dα0
(rd−Rn)α
hn(t)sn(t)+
√
Psf(t)s(t)+z(t), if n ∈ N0,√
Pn(t)L0dα0
(rd−Rn)α
hn(t)sn(t)+z(t), otherwise,
(6)
where f(t) denotes the channel fading from the PS to the
AP after interference cancellation. In the case of n ∈ N0, the
first and second terms are the expected signal and interference
respectively. The signal-interference-noise-ratio (SINR) of the
user n is given as below
γn(t) =

ηPsL
2
0d
2α
0 |gn(t)|
2|hn(t)|
2 ∑
i∈{0}
⋃
N0,i6=n
τi
τn(Ps|f(t)|2+σ2)[Rn(rd−Rn)]α
, if n ∈ N0,
ηPsL
2
0d
2α
0 |gn(t)|
2|hn(t)|
2 ∑
i∈{0}
⋃
N0
τi
τnσ2[Rn(rd−Rn)]α
, otherwise.
(7)
Thus, the expected achievable rate of the user n is given as
rln = E
[
τn log2
(
1 + γn(t)
)]
, (8)
where the expectation is taken over the small-scale fading
gn(t), hn(t) and the transmission distance Rn.
III. FAIRNESS-AWARE NOMA-BASED SCHEDULING
SCHEME FOR WIRELESS POWERED COMMUNICATION
NETWORK
In this section, we propose a fairness-aware NOMA-based
scheduling scheme to mitigate the throughput unfairness re-
sulting from the near-far problem in a WPCN. Specifically,
we first sort all users according to the channel conditions, and
divide them into two groups, i.e., the interference group and
the non-interference group. WET and WIT can be scheduled
concurrently for NOMA transmissions. To achieve the max-
min fairness, we further analyze the achievable rates of the
ordered users, and decide the optimal user grouping policy for
NOMA transmissions to maximize the minimal rate of users.
This paper aims to unveil the effect of random user deploy-
ment on the network fairness. Therefore, we defer the research
on the effect of small-scale fading into our future work, and
either the constant or the statistical average small-scale fading
is assumed in this paper. Define the equivalent transmission
distance Xn = Rn(rd−Rn) as the product of the transmission
distance for WET and WIT, then the achievable rate of the user
n can be rewritten as
rln =
{
1−τ0
N
E
[
log2
(
1 + (l−1+κ)an
bXαn
)]
, if n ∈ N0,
1−τ0
N
E
[
log2
(
1 + (l+κ)an
Xαn
)]
, otherwise.
(9)
where an =
ηPsL
2
0d
2α
0 |gn(t)|
2|hn(t)|
2
σ2
, b = 1 + Ps|f(t)|
2
σ2
, and
κ = Nτ01−τ0 .
In a WPCN, the user far from the PS harvests less energy,
and the user far from the AP consumes more energy, thus
the near-far problem causes severe throughput fairness issue.
As an important fairness metric, the max-min fairness to
maximize the minimum rate of all users, is investigated. The
user with smaller distance has a larger transmission rate and
better capability to combat the interference. Thus, in order to
achieve a better fairness, we should improve the performance
of users with poor channel conditions by sacrificing that of
users with good channel conditions. To achieve this, we first
sort all users by the generalized equivalent distance in an
ascend order, namely X(1) ≤ X(2) ≤ · · · ≤ X(N), where
X(n) is n-th smallest observation among X1 · · ·XN , namely
the equivalent transmission distance of the n-th ordered user.
Then, we divide users into two groups, the interference group
N0 with first l ordered users, and the non-interference group
N1 with the other N − l users. During the data transmissions
of the users in the interference group, the PS concurrently
transmits the energy signal to the other users. With this
policy, the transmission rates of the users in the interference
group decrease due to interference of NOMA transmission,
while those of the users in the non-interference group are
enhanced due to more harvested energy. Thus the fairness can
be improved, and we refer it as a fairness-aware NOMA-based
scheduling scheme. To this end, the achievable rate of n-th
ordered user can be rewritten as
rl(n)=


1−τ0
N
E
[
log2
(
1 +
(l−1+κ)a(n)
bXα
(n)
)]
, if n ≤ l,
1−τ0
N
E
[
log2
(
1 +
(l+κ)a(n)
Xα
(n)
)]
, otherwise.
(10)
To achieve the max-min fairness, it’s critical to decide the
set of users in each group. As users are ordered based on
Xn, the user with the largest index in each group represents
the greatest distance and the smallest transmission rate, and
to decide the users set is equivalent to determine the optimal
number of interfered users l∗ as following,
l∗ = argmax
l
min{rl(l), rl(N)} (11)
where rl(l) and r
l
(N) are the minimum rate of the users in N0
and N1, respectively.
We first present a result of order statistics [14] that is used
for the performance analysis of our proposed scheme.
Proposition 1: Let Z1, Z2, . . . , ZN be N independent and
identically distributed (i.i.d) random variables with common
pdf fZ(z) and CDF FZ(z). For any n ∈ {1, 2, . . . , N}, let
Z(n) be the n-th order statistics of Z1, Z2, . . . , ZN , i.e., Z(n)
is the n-th smallest random variable among Z1, . . . , ZN . Then,
the CDF and the pdf of Z(n) are given by
FZ(n)(z) =
N∑
i=n
CiN (FZ(z))
i(1− FZ(z))N−i
= IFZ (z)(n,N − n+ 1),
(12)
fZ(n)(z) =
N !
(n− 1)!(N − n)!
· (FZ(z))n−1(1− FZ(z))N−nfZ(z),
(13)
where I·(·, ·) is the generalized incomplete beta function.
With order statistics, we analyze the asymptotic achievable
rate of each user in the case that the distance between the PS
and AP is much larger than the WET radius, namely, rd ≫
2re, and the SNR of the user is high, e.g., γn(t)≫ 1.
Lemma 1: In the case of rd ≫ 2re and γn(t)≫ 1, we have
the approximate expressions Xn = Rn(rd−Rn) ≈ rdRn and
rln ≈ 1−τ0N E[log2(γn(t))], thus the achievable rate of the n-th
ordered user is given by
rl(n) ≈
1− τ0
N ln 2


E
[
ln
(a(n)
b
)]
+ ln(l − 1 + κ)− α[ ln(rerd)
+ψ(n)− ψ(N + 1)], if n ≤ l,
E[ln(a(n))] + ln(l + κ)− α
[
ln(rerd)
+ψ(n)− ψ(N + 1)], otherwise,
(14)
where ψ(n) is Euler Psi function. Meanwhile, we can derive
that rl(n) monotonically increases and decreases with respect
to l and n respectively.
Proof:We only present the proof of (14) for the case that the
n-th order user is in the interference group N0, and the other
case can be verified using similar arguments. In the case of
rd ≫ 2re and γn(t)≫ 1, we have Xn ≈ rdRn, and the order
of Xn is same with that of Rn, namely X(n) ≈ rdR(n), where
R(n) is is n-th smallest observation among R1 · · ·RN . By (9),
the achievable rate of n-th ordered user can be rewritten as
rl(n) =
1− τ0
N ln 2
{
E
[
ln
(a(n)
b
)]
+ ln(l − 1 + κ)
− α[ ln(rd) + E[ln(R(n))]]}. (15)
The second term is dependent on the transmission power,
and the larger l represents the greater amount of harvested
energy and higher transmission power. The last two terms
are associated with the transmission distance. In the case
of rd ≫ re, the transmission distance from the user to the
AP approximately equals the constant rd, and the charging
distance from the PS to users becomes the dominated factor.
As users are randomly deployed between the PS and the
AP, so the pdf and CDF of the distance between the user and
PS Rn are fR(r) =
1
re
and FR(r) =
r
re
, respectively. By
Proposition 1, the pdf of n-th order statistics R(n) is given by
fR(n)(r) =
N !
(n− 1)!(N − n)!rNe
rn−1(re − r)N−n. (16)
Thus, we can derive E[ln(R(n))] as
E[ln(R(n))]
=
∫ 1
0
N !rn−1(1− r)N−n
(n− 1)!(N − n)! [ln(re) + ln(r)]dr
= ln(re)+
N !B(n,N−n+1)
(n−1)!(N−n)! [ψ(n)−ψ(N+1)]
= ln(re) + ψ(n)− ψ(N + 1),
(17)
where B(n,N − n + 1) is a beta function and the second
equality is derived by the equation index Eq.4.253.1 in [15].
Plugging (17) into (15) completes the proof of (14) for the
case n ≤ l. Meanwhile, since ln(l − 1 + κ) and ψ(n) are
the increasing functions with respect to l and n respectively,
rl(n) monotonically increases and decreases with l and n
respectively.
Based on the Lemma 1, we analyze the monotonic char-
acteristic of rl(l) and r
l
(N), and derive the optimal number
of interfered users l∗ to achieve the max-min fairness in the
following theorem.
Theorem 1: In the case of rd ≫ 2re and γn(t) ≫ 1,
the minimum rate rl(N) of the users in the non-interference
group N1 is monotone increasing with respect to l, while the
minimum rate rl(l) of the users in N0 is monotone decreasing
with l. Therefore, the optimal l∗ to achieve the max-min
fairness is determined by bi-section method.
Proof: According to the Lemma 1, the minimum rate rl(l)
of the user in the interference group is
rl(l) =
1− τ0
N ln 2
{
E
[
ln
(a(l)
b
)]
+ ln(l − 1 + κ)
− α[ ln(rerd) + ψ(l)− ψ(N + 1)]}. (18)
Thus, when the number of interfered users increases from l to
l + 1, the increment of the minimum rate of users in N0 can
be written as
rl+1(l+1) − rl(l) =
1− τ0
N ln 2
{
ln
(
1 +
1
l − 1 + κ
)
− α[ψ(l + 1)− ψ(l)]}. (19)
For Euler Psi function, ψ(l+1) = ψ(l)+ 1
l
. Meanwhile, ln(1+
1
l+κ−1 ) − αl is a strict monotonic increasing function with
respect to l in the case of α > 2, and limz→∞ ln(1+
1
l+κ−1 )−
α
l
= 0. Thus, we have rl+1(l+1) − rl(l) < 0, and the monotonic
characteristic of rl(l) is proofed. As r
l
(l) and r
l
(N) monotonically
decreases and increases with respect to l, respectively, for the
max-min fairness problem (11), the bisection-method can be
applied to determine the optimal l∗.
Usually, the energy transfer radius is much smaller than that
of information delivery, therefore we consider rd ≥ 2re in this
paper. The following theorem analyze the achievable rate of
each user in a general case.
Theorem 2: The achievable rate of the n-th ordered user
that is in the non-interference group N1, is given by
rl(n) =
(N − 1)!(1− τ0)
(n− 1)!(N − n)!
∫ 1
0
xn−1(1− x)N−n
· log2
(
1 +
(l + κ)a(n)r
−2α
e
[x(rd/re − x)]α
)
dx,
(20)
Similarly, the n-th ordered user that is in the interference group
N0, suffers the interference of NOMA transmission, and the
corresponding achievable rate is given by
rl(n) =
(N − 1)!(1− τ0)
(n− 1)!(N − n)!
∫ 1
0
xn−1(1− x)N−n
· log2
(
1 +
(l − 1 + κ)a(n)r−2αe
b[x(rd/re − x)]α
)
dx.
(21)
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Proof: As rd ≥ 2re, we have Rn ≤ rd2 and Xn = Rn(rd−
Rn) =
r2d
4 −[ rd2 −Rn]2. Thus, the order ofXn is same with that
of Rn, namely X(n) =
r2d
4 − [ rd2 −R(n)]2. Given the pdf of the
n-th order statistics R(n) in (16), the achievable transmission
rate of the n-th order user in the non-interference group N1
can be written as
rl(n) =
1− τ0
N
E
[
log2
(
1 +
(l + κ)a(n)
[R(n)(rd − R(n))]α
)]
=
(N − 1)!(1 − τ0)
(n− 1)!(N − n)!rNe
∫ re
0
rn−1(re − r)N−n
· log2
(
1 +
(l + κ)a(n)
[r(re − r)]α
)
dr.
(22)
By replacing r with x = r
re
, the expression (20) is derived. The
rate of the user in the interference group is similarly derived.
Based on the Theorem 2, the achievable sum-rate is the
sum of the achievable rate of all users, and is calculated by
rl =
∑l
n=1 r
l
(n) +
∑N
n=l+1 r
l
(n).
IV. PERFORMANCE EVALUATION
In this section, we evaluate the performance of our proposed
fairness-aware NOMA-based scheduling scheme, and compare
it with the conventional TDMA scheduling scheme and the
NOMA-based scheduling scheme with random grouping pol-
icy, where the same time allocation policy is considered.
Unless otherwise stated, we set the number of users N =
20, the distance from the PS to the AP is 50 meters, and the
WET radius re is 20 meters. The reference path loss L0 is
0.1, the path loss exponent α is set to 3. The noise power
σ2 is −70dBm. Energy conversion efficiency is 0.5, and the
transmission power at the PS equals 1, i.e., Ps = 1. The
strength of interference channel is about −63dBm. For the
time allocation, we set the dedicated WET time is same with
the allocated WIT time for each user, i.e., τ0 = τn =
1
N+1 .
The minimum rate of the users with different numbers
of interfered users l is presented in Fig. 2. As is shown,
the minimum rate of the users in the interference group
N0 monotonically decreases with respect to l, while that of
the users in the non-interference group N1 monotonically
increases. This result is consistent with Theorem 1. Therefore,
the optimal number of interfered users l∗ can be determined
by bi-section method, and the optimal l∗ is 8 in this case. In
Fig. 3, we present the rates of users with different numbers
of interfered users l. If l = 0, the fairness-aware NOMA-
based scheduling scheme (noted as black line) is degraded to
the conventional TDMA scheduling scheme. It is shown that
the user’s rate monotonically decreases with respect to the
sorting order, and the rate of the user with smallest distance is
almost 10 times of that of the user with largest distance. Thus,
the scheme achieves very poor throughput fairness. Since the
non-orthogonal transmission during the data transmissions of
the users in N0, the transmission rates of the interfered users
decrease, while the rates of the other users are improved.When
l = 8, the transmission rate of the worst non-interfered user
approaches to that of the worst interfered user, and the max-
min fairness is achieved. If the number of interfered users is
further increased, the achieved rate of the worst user in N0
will be smaller than that of the worst user in N1.
The effect of the dedicate WET time τ0 on the minimum
rate is shown in Fig. 4. The fairness-aware NOMA-based
scheduling scheme achieves the best performance in the terms
of max-min fairness. If τ0 = 0, the minimum rate of conven-
tional scheduling scheme is 0, while that of the NOMA-based
scheduling schemes is non-zeros. Therefore, our proposed
NOMA-based scheduling schemes are effective even without
the dedicated WET time. When τ0 is less than 0.16, com-
pared with conventional scheduling scheme, the NOMA-based
scheduling scheme with random grouping achieves a better
minimum rate. If τ0 > 0.16, the NOMA-based scheduling
scheme with random grouping achieves the same performance
with conventional scheduling scheme, which indicates that
l∗ almost equals zero and NOMA-based scheduling scheme
with random grouping is degraded to conventional scheduling
scheme.
Fig. 5 and Fig. 6 evaluate the max-min fairness and jain’s
fairness index with varying the number of users N from 5
to 100, respectively. Our proposed NOMA-based scheduling
schemes significantly improve the network fairness in both
terms of max-min fairness and jain’s fairness. Meanwhile,
the performance of fairness-aware NOMA-based scheduling
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scheme significantly outperforms that of the NOMA-based
scheduling scheme with random grouping, and it is validated
that the user grouping policy according to the channel condi-
tion is necessary, especially to improve the network fairness.
The achievable sum-rate with different number of users N is
presented in Fig. 7. It shows that our proposed NOMA-based
scheduling schemes could also bring much throughput gain.
Compared with the NOMA-based scheduling scheme with
random grouping, the fairness-aware NOMA-based scheduling
scheme achieves the better fairness at the cost of slightly
degraded network throughput. The above results validate that
our proposed NOMA-based scheduling schemes could not
only improve the network fairness, but also enhance the
network throughput.
V. CONCLUSION
This paper has proposed a fairness-aware NOMA-based
scheduling scheme for a wireless powered communication net-
work with random user deployment, and analyzed the achieved
max-min fairness. We have divided users into two groups,
i.e., the interference group with good channel conditions and
the non-interference group with poor channel conditions. By
allowing NOMA transmissions for both WET and WIT, the
fairness performance can be improved. By applying order
statistics theory, we have analyzed the achievable rates of
users, and derived the optimal number of interfered users to
achieve the max-min fairness.
In the future work, the joint effect of random user deploy-
ment and small-scale fading in WPCN will be studied. We will
also incorporate the NOMA-based WIT that allows multiple
users simultaneously transmit information to the AP, along
with the WET for a WPCN. We will further extend the work by
considering more network scenarios, such as multiple power
stations and access points.
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